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Abstract

Background:

Omecamtiv mecarbil improves outcomes in patients with heart failure and reduced ejection
fraction (HFrEF). We examined the relationship between baseline troponin, change in troponin
over time, and the treatment effect of omecamtiv mecarbil in patients enrolled in the Global
Approach to Lowering Adverse Cardiac Outcomes through Improving Contractility in Heart

Failure (GALACTIC-HF) trial (NCT02929329).

Methods:

GALACTIC-HF was a double-blind, placebo-controlled trial that randomized 8256 patients with
symptomatic HFrEF to omecamtiv mecarbil or placebo. High sensitivity troponin | (cTnl) was
measured serially at a core laboratory. We analyzed the relationship between both baseline
cTnl and change in cTnl concentrations with clinical outcomes and the treatment effect of

omecamtiv mecarhbil.

Results: Higher baseline cTnl concentrations were associated with a risk of adverse outcomes
(hazard ratio for the primary endpoint of time to first HF event or CV death = 1.30; 95% Cl 1.28,
1.33, p < 0.001 per doubling of baseline cTnl). Although the incidence of safety outcomes was
higher in patients with higher baseline cTnl, there was no difference between treatment
groups. Treatment with omecamtiv mecarbil led to a modest increase in cTnl that was related

to plasma concentrations of omecamtiv mecarbil and peaked at 6 weeks. An increase in



troponin from baseline to week 6 was associated with an increased risk of the primary endpoint

(p < 0.001) which was similar regardless of treatment assignment (p value for interaction = 0.2).

Conclusions:

In a cohort of patients with HFrEF, baseline cTnl concentrations were strongly associated with
adverse clinical outcomes. Although cTnl concentrations were increased in patients treated
with omecamtiv mecarbil, we did not find a differential effect of omecamtiv mecarbil on either

safety or efficacy based on baseline cTnl status or change in cTnl.

Background:

Omecamtiv mecarbil is a novel activator of cardiac myosin that improves clinical outcomes in
patients with heart failure and reduced ejection fraction (HFrEF)*. Prior studies have described
modest increases in concentrations of circulating cardiac troponin in patients treated with
omecamtiv mecarbil, although the mechanism and clinical significance of this finding remains
uncertain®?. Elevated concentrations of cardiac troponin are a known risk factor poor outcomes
in patients with heart failure and reduced ejection fraction (HFrEF)*. Troponin elevation in
patients with HFrEF may be related to overt myocardial ischemia, although other mechanisms
of constitutive troponin release in HFrEF have been proposed and may predominate®. The
aims of the current analysis were to examine the relationship between baseline troponin,

change in troponin over time, and the treatment effect of omecamtiv mecarbil in patients



enrolled in the Global Approach to Lowering Adverse Cardiac Outcomes through Improving

Contractility in Heart Failure (GALACTIC-HF) study.

Methods:

The design, baseline characteristics, and primary results of the GALACTIC-HF study are
published "%, Briefly, GALACTIC-HF was a global, double-blind, phase 3, placebo controlled
randomized clinical trial that compared omecamtiv mecarbil to placebo in 8256 patients with
symptomatic HF (NYHA class II-1V) and ejection fraction < 35%. Enrolled patients were required
to be currently hospitalized for HF (inpatients) or had either made an urgent visit to the
emergency department or been hospitalized for HF within 1 year before screening
(outpatients). All the patients had elevated natriuretic peptides (N-terminal pro—B-type
natriuretic peptide (NT-proBNP)) level of > 400 pg/mL (1200 pg/mL for patients in atrial
fibrillation) or B-type natriuretic peptide (BNP) > 125 pg/mL (375 pg/mL for patients in atrial
fibrillation). Optimized background medical therapy was required for enrollment. The study
protocol was approved by the relevant local ethics committees and all participants provided
informed consent. Twenty-four patients were excluded from the primary analysis due to Good

Clinical Practice (GCP) violations, leaving 8232 patients in the analysis dataset.

Troponin Measurement:
Cardiac troponin | (cTnl) was measured serially at a central core laboratory in all patients in
GALACTIC-HF using a high sensitivity assay (Siemens ADVIA Centaur Ultra Troponin |, Siemens,

Tarrytown, NY), with an 99t percentile upper reference limit of 47 ng/L and a limit of detection



of 1.6 ng/L. cTnl concentrations were measured by protocol at randomization and at 2, 6, 24,

and 48 weeks and then every 48 weeks until the end of the study.

Endpoints:

The primary endpoint of GALACTIC-HF was a composite of time to first HF event or death from
cardiovascular causes. A heart failure event was defined as an urgent clinic visit, emergency
department visit, or hospitalization for subjectively and objectively worsening heart failure
leading to treatment intensification beyond a change in oral diuretic therapy. All deaths, HF
hospitalizations, urgent HF visits, strokes, myocardial infarctions, hospitalizations for unstable
angina, and coronary revascularization procedures were centrally adjudicated by a blinded
clinical events committee (Duke Clinical Research Institute, Durham, NC) using published

criteria °.

Statistical Approach

Baseline characteristics for patients classified based on baseline values (above or below the
median) were summarized and compared using appropriate summary statistics.

Survival analyses were conducted using Poisson regression models to estimate incidence rates,
rate differences, and rate ratios and Cox proportional hazards models to estimate hazard ratios
(HRs). For the relationship between baseline cTnl and outcomes, models were adjusted for age,
sex, HF etiology, NT-proBNP, diabetes, atrial fibrillation, inpatient vs outpatient randomization,
estimated glomerular filtration rate, systolic blood pressure, and ejection fraction. To allow for

potentially nonlinear associations between covariates of interest and time-to-event outcomes,



restricted cubic splines were utilized in the Poisson regression models. Treatment effect
modification was assessed via the introduction of interaction terms between randomized
treatment assignment and the corresponding variable of interest. Multivariable linear
regression models using log-transformed troponin at week 6 as the outcome were used to
identify significant baseline predictors of 6-week troponin change. The prognostic association of
the 6-week troponin change was assessed by including the log-transformed troponin ratio
(week 6 / baseline) in time-to-event models that were landmarked at the time of the week 6
visit. All analyses were conducted using STATA version 16 (StataCorp, College Station, Texas).
All p values <0.05 were considered statistically significant. No adjustments were made for

multiple comparisons.

Results:

Baseline cTnl values were available in 99% of patients (8120 of 8232). The median baseline cTnl
concentration was 27 ng/L (IQR 14, 51), and baseline cTnl concentrations were elevated above
the 99" percentile upper reference limit (47 ng/L) in 28% (2237 of 8120) of patients with
available cTnl data. Baseline characteristics of the study population divided by median baseline
cTnl values are shown in Table 1. Patients with higher baseline cTnl values were more likely to
be randomized as inpatients, and generally had markers of more severe heart failure, including
a higher proportion of ischemic heart failure etiology, worse NYHA class, more atrial fibrillation,

lower estimated glomerular filtration rate (eGFR), and higher NT-proBNP.

Baseline troponin and Risk of Adverse Outcomes



Higher baseline cTnl concentrations were associated with a higher risk of adverse outcomes. A
histogram of baseline cTnl values and the cubic spline curve for the risk of the primary endpoint
is shown in Figure 1. The hazard ratio for the primary endpoint was 1.30; (95% Cl 1.28, 1.33, p
< 0.001) per each doubling of baseline cTnl. For placebo-treated patients, the rate of the
primary endpoint was approximately twice as high in those with cTnl above the median (39
events per 100 pt-years) compared to those with cTnl below the median (17 events per 100-pt-
years). Data were similar for the risk of cardiovascular death (hazard ratio = 1.40; 95% Cl 1.36-
1.44, p < 0.001) per doubling of baseline cTnl) and myocardial infarction (HR = 1.31; 95% ClI
1.22,1.42, p < 0.001 per doubling of baseline cTnl). The relationship between baseline cTnl
persisted after multivariable adjustment for both the primary endpoint (HR = 1.18 (1.15, 1.20),

p<0.001) and for cardiovascular death (HR = 1.27 (1.23, 1.31), p<0.001).

Effect of baseline troponin on efficacy and safety of omecamtiv mecarbil

The primary clinical outcomes stratified by baseline cTnl status and treatment assignment are
shown in Table 2. For the primary endpoint of time to first heart failure event or cardiovascular
death, there was a nominally greater treatment effect of omecamtiv in patients with cTnl at or
below the median (HR 0.85; 95% CI 0.76, 0.96, ARR = 2.8 per 100 pt-years) compared to
patients with cTnl above median (HR 0.96; 95% CI 0.88, 1.05, ARR = 1.5 per 100 pt-years), but
this interaction was not statistically significant whether cTnl was split at the median (interaction
p value= 0.11) or considered as a continuous variable (interaction p value = 0.26) (Figure 2).
Similar results were found for other trial endpoints (Table 2). Kaplan Meier curves by baseline

cTnl status for both the primary endpoint and for cardiovascular death are shown in Central



lllustration. Safety outcomes of interest stratified by baseline cTnl status and treatment
assignment are shown in Supplemental Table 1. Key safety outcomes for omecamtiv mecarbil

were generally similar based on the baseline cTnl concentration.

Effect of omecamtiv mecarbil on troponin concentrations

Serial cTnl concentrations over time are shown in Central lllustration, stratified by treatment
arm. As observed in prior studies, post-randomization cTnl concentrations were modestly
increased in the population of patients assigned to omecamtiv mecarbil compared to those
assigned to placebo, an effect which was greatest at the 6-week timepoint, which corresponded
to the end of dose escalation, and attenuated thereafter. At 6 weeks, there was a significant
relationship between plasma concentrations of omecamtiv mecarbil and proportional increase

in cTnl over baseline (p < 0.001) (See Supplemental Figure 2).

Predictors and clinical significance of increase in troponin over time
We performed linear regression modeling to identify predictors of increase in troponin
concentration from baseline to 6 weeks. The strongest predictors of a larger proportional
increase in cTnl from baseline to 6 weeks were lower baseline cTnl levels, randomization to
omecamtiv mecarbil vs placebo, and higher NT-proBNP. A complete list of significant predictors
is shown in Table 3.

We also evaluated the prognostic importance of relative changes in troponin from
baseline to 6 weeks (expressed as % change from baseline) to compare the significance of

troponin changes in patients randomized to omecamtiv mecarbil vs those randomized to



placebo (see Figure 3). In this analysis, an increase in troponin from baseline to 6 weeks was
associated with a higher rate of the primary endpoint (p < 0.001), but there was no difference
in this relationship in patients randomized to omecamtiv mecarbil or placebo (Interaction term

by treatment arm p = 0.20).

Discussion

In addition to its role in the diagnosis of acute coronary syndromes, troponin is now an
established prognostic biomarker in patients with heart failure and has been shown to be a
strong independent predictor of outcomes across multiple heart failure populations'®. The
GALACTIC-HF trial represents among the most extensive evaluations of serial troponin
measurements in chronic HF, with a total of 43,053 cTnl measurements assessed over a median
of 21.9 months of follow up, all measured in a central core laboratory using a high sensitivity
assay. The current analysis reports data on the relationship between cTnl concentrations,
clinical outcomes, and treatment with omecamtiv mecarbil.

There are several key findings of our analysis. First, higher baseline cTnl was highly
associated with adverse clinical outcomes in the GALACTIC-HF trial. This finding is consistent
with other data in both acute™ and chronic heart failure®, as well as in persons without known
cardiovascular disease™.

Secondly, the treatment effect of omecamtiv mecarbil was not statistically different
based on baseline cTnl values, although estimates of the treatment effect tended to be greater
in patients with lower baseline cTnl values. This is somewhat in contrast to other analyses of

GALACTIC-HF, where patients with higher risk markers (lower EF, worse NYHA class, and recent



hospitalizations) had a greater treatment effect from omecamtiv mecarbil****

. Although we can
only speculate about why higher baseline troponin concentration was not associated with
greater treatment effect of omecamtiv mecarbil, we note that similar findings have been
published for empagliflozin in the EMPEROR Reduced trial™®. Studies of other effective heart
failure therapies have generally similarly shown consistent benefits across baseline troponin
concentrations, including for sacubitril-valsartan'® and dapagliflozin *”. In patients with HF and
preserved EF (HFpEF) in the PARAGON-HF study, treatment with sacubitril valsartan decreased
troponin levels compared to valsartan, and there was a relatively weak signal for a treatment
interaction between troponin at baseline and the treatment effect of sacubitril valsartan (p for
interaction = 0.07)".

Finally, as has been shown previously, omecamtiv mecarbil modestly increased
concentrations of cTnl, an effect which was greatest at 6 weeks and attenuated thereafter. An
increase in cTnl concentration at 6 weeks was predictive of adverse clinical outcomes, but this

relationship was not different between those patients assigned to omecamtiv mecarbil

compared to placebo.

The mechanisms underlying elevations of troponin in patients with heart failure are not
completely understood. Troponin generally correlates with other measures of heart failure
severity including NT-proBNP, and in preclinical studies troponin elevation can be produced
experimentally by increasing left ventricular filling pressures even in the absence of changes in
coronary blood flow'®, potentially suggesting that troponin elevations may be more related to

myocardial wall stress rather than to overt myocardial ischemia®’. Elevations that occur outside

10



the context of clinical myocardial ischemia, such as with exercise, have been proposed to be
related to alternative mechanisms such as changes in cardiomyocyte permeability or
apoptosi521. To what degree these mechanisms or others may explain the modest elevations in

troponin seen with omecamtiv mecarbil therapy is unknown.

Limitations

The current analysis has important limitations. It is a post hoc analysis of cTnl data and is
therefore subject to the known limitations of this approach. As a clinical trial, GALACTIC-HF
enrolled patients who were generally younger than the broader heart failure population and
excluded patients with ejection fraction > 35% or severe renal dysfunction (estimated
glomerular filtration rate (eGFR) < 20 mL/min/1.73m?). Notable strengths of the current study
include a large, well-treated study population, serial measures of cTnl concentration using a

core laboratory, and centralized blinded adjudication of clinical events.

Conclusions

In a large well treated cohort of patients with HFrEF, baseline cTnl concentrations were strongly
associated with adverse clinical outcomes. Although cTnl concentrations were increased in
patients treated with omecamtiv mecarbil, we did not find a differential effect of omecamtiv

mecarbil on either safety or efficacy based on baseline cTnl status or change in cTnl.

11



Table 1. Baseline Characteristics by Median Baseline Troponin Concentration

Troponin | £27 ng/mL

Troponin | > 27 ng/mL

n=4136 n=3984
Demographics
Age - yr 63.5 +11.7 65.5 +10.8 p<0.001
Sex, Female 1074 (26.0%) 650 (16.3%) p<0.001
Race p=0.005
Asian 364 (8.8 %) 344 (8.6 %)
Black 247 (6.0 %) 301 (7.6 %)
Other 312 (7.5 %) 248 (6.2 %)
White 3213 (77.7%) 3091 (77.6%)
Geographic Region p=0.16
Asia 344 (8.3 %) 324 (8.1 %)
Eastern Europe/Russia 1367 (33.1%) 1289 (32.4%)
Latin America 783 (18.9%) 775 (19.5%)
US And Canada 720 (17.4%) 633 (15.9%)
Western Europe/South 922 (22.3%) 963 (24.2%)
Africa/Australasia
Randomization Setting: In-patient 762 (18.4%) 1258 (31.6%) p<0.001
Clinical Characteristics
Atrial Fibrillation or Flutter at 995 (24.1%) 1220 (30.6%) p<0.001
Screening
Hypertension Hx 2809 (67.9%) 2895 (72.7%) p<0.001
Type 2 diabetes mellitus 1526 (36.9%) 1738 (43.6%) p<0.001
History of stroke 336 (8.1 %) 406 (10.2%) p=0.001
Ischemic heart failure etiology 2071 (50.1%) 2286 (57.4%) p<0.001
History of Myocardial Infarction 1631 (39.4%) 1757 (44.1%) p<0.001
History of Coronary Artery Bypass 558 (13.5%) 744 (18.7%) p<0.001
Surgery
History of Percutaneous Coronary 1196 (28.9%) 1213 (30.4%) p=0.13
Revascularization
LVEF - % 27.2 t6.1 26.0 £64 p<0.001
NYHA Classification p<0.001
Class Il 2451 (59%) 1865 (47%)
Class Il 1595 (39%) 1965 (49%)
Class IV 90 (2%) 154 (4 %)
KCCQ Total Symptom Score 72.9 [54.2, 89.6] 64.6 [44.8, 85.4] p<0.001
Outpatient 77.1[58.3,91.7] 71.9[52.1, 89.6] p<0.001
Inpatient 57.3[37.5, 76.0] 51.0[31.2, 70.8] p<0.001

12



SBP — mmHg 116.6 £ 15.1 116.4 £ 15.6 p=0.59
Heart rate — beats/min 72.0 +12.0 72,7 +12.2 p=0.011
NT-proBNP — pg/mL 1474 [748, 2834] 2729 [1453, 5622] p<0.001
Cardiac Troponin | — ng/L 14 [10, 20] 52 [37, 88] --
eGFR — mL/min/1.73m?2 63.2 [48.9, 78.4] 54.1 [40.1, 68.8] p<0.001
Baseline BMI (kg/m2) 28.6 +6.3 28.3 +6.0 p=0.033
Baseline Weight (kg) 82.6 +20.6 82.4 +20.5 p=0.59
Heart Failure Therapies
ACEi, ARB or ARNi 3710 (89.7%) 3356 (84.2%) p<0.001
ARNi 868 (21.0%) 703 (17.6%) p<0.001
BB 3979 (96.2%) 3685 (92.5%) p<0.001
MRA 3250 (78.6%) 3063 (76.9%) p=0.07
SGLT2 Inhibitors 89 (2.2 %) 125 (3.1 %) p=0.006
Ivabradine 287 (6.9 %) 242 (6.1 %) p=0.11
Digitalis glycosides 599 (14.5%) 769 (19.3%) p<0.001
Cardiac Resynchronization 468 (11.3%) 669 (16.8%) p<0.001
Therapy
Implantable Cardioverter 1199 (29.0%) 1369 (34.4%) p<0.001
Defibrillator
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Table 2. Study Outcomes by Baseline Troponin Category and Treatment

Omecamtiv mecarbil Placebo
Outcome. by Rate (per Rate (per HR (95% Cl); ARR (per
Troponin n/N (%) 100 pt- n/N (%) 100 pt- 100 pt-
yrs) yrs) p-value yrs)
Primary Outcome
515/2063 597/2073 0.85 (0.76, 0.96);
Tnl <27 L 14.4 17.1 2.8
cTnl < 27 ng/ (25%) (29%) p=0.007
980/2003 981/1981 0.96 (0.88, 1.05);
cTnl>27 ng/L 49% 37.2 50% 38.7 20.35 1.5
(49%) (50%) p
CV Death
225/2063 249/2073 0.92 (0.76, 1.10);
cTnl €27 ng/L 1% 5.6 19% 6.2 ~0.34 0.6
(11%) (12%) p
571/2003 533/1981 1.05(0.94, 1.19);
cTnl>27 ng/L / 17.3 / 16.3 ( ! ) -1.0
(29%) (27%) p=0.38
HF Hospitalization
392/2063 429/2073 0.90(0.79, 1.04);
cTnl €27 ng/L / 10.9 / 12.1 ( ! ) 1.3
(19%) (21%) p=0.15
CTnl> 27 ng/L 726/2003 573 728/1981 28.4 0.96 (0.87, 1.06); 11
8 (36%) ' (37%) ' p=0.43 '
First HF event
406/2063 462/2073 0.87 (0.76, 0.99);
cTnl €27 ng/L / 11.3 / 13.2 ( ’ ) 1.9
(20%) (22%) p=0.034
CTnl> 27 ng/L 746/2003 58,3 752/1981 59.7 0.95 (0.86, 1.05); 14
8 (37%) ' (38%) ' p=0.34 '
All-cause Death
CTnl <27 ng/L 328/2063 8.1 357/2073 8.9 0.92 (0.80, 1.07); 0.8
=c/ng (16%) ' (17%) ' p=0.31 '
723/2003 688/1981 1.04 (0.93, 1.15);
Tnl > 27 L 21.9 21.0 -0.9
Tl >27 ng/ (36%) (35%) p=0.51
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Table 3. Multivariate predictors of troponin | elevation from baseline to week 6. Predictors
with p < 0.01 are included).

Covariates Ratio (95% Cl) p-value
(n=7469)

Baseline Troponin -17% (-18%, -16%) <0.001
(per doubling)

Randomized Treatment +42% (+38%, +46%) <0.001
NT-proBNP (log) +6% (4%, 8%) <0.001
Age (per 10 years) +4% (+3%, +6%) <0.001
Creatinine +12% (+8%, +16%) <0.001
Inpatient Status +7% (+4%, +12%) <0.001
ICD +7% (+3%, +11%) <0.001
Diabetes Mellitus +5% (+2%, +9%) 0.001

Region (ref = W Europe) 0.002

Eastern Europe +6% (+2%, +11%)

Asia +9% (+2%, +15%)

Latin America +1% (-3%. +6%)

North America +1% (-4%, +6%)

LVEF (per 10%) -4% (-6%, -1%) 0.003

Sex -5% (-9%, -2%) 0.004

KCCQ -2% (-3%, -1%) 0.006

CRT +7% (+2%, +12%) 0.007

Heart Rate (per 10 bpm) -2% (-3%, 0%) 0.007
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Figure Legends
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Figure 1. Risk of the Primary Endpoint by Baseline Troponin | Concentration. The distribution
of baseline troponin values (histogram) and the cubic spline curve for the hazard of the primary
endpoint (time to CV death or first HF event).
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Central lllustration. Change in troponin-l concentrations over time for patients randomized to
omecamtiv mecarbil or placebo (Panel A). Values shown represent geometric mean, error bars
are 95% confidence intervals. Kaplan-Meier curves for the primary endpoint of time to first HF
event or CV death, stratified by troponin above or below the median (Panel B).
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Figure 2. Interaction of baseline troponin | concentration and treatment effect of omecamtiv
mecarbil on primary endpoint of time to CV death or first HF event. Treatment effect divided
at the median baseline troponin (panel A) and cubic spline function of treatment effect by
baseline troponin with 95% confidence intervals (dotted lines) (panel B).
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Figure 3. Relationship between change in troponin from baseline to week 6 and the risk of
primary outcome by treatment group. Dotted lines represent 95% confidence intervals.
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